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Effects of surface pair breaking, entirely neglected by M. P. Samanta and S[Plays Rev. 867, 10 972
(1998], is quite important in considering surfager interface quasiparticle bound states and associated
characteristics of junctions involving unconventional superconductors. The whole class of bound states with
nonzero energy is simply omitted within the framework of the approach, using uniform spatial profile of the
order parameter up to the interface. The contribution of these bound $tatesell as midgap stateso
current-voltage characteristics of the SIS tunnel junctions were studied in our earlier article. Dependence of
midgap state contribution to the Josephson critical current upon crystal to interface orientations is shown as
well to be fairly sensitive to the effect of surface pair breaking.

In a recent articlé, Samanta and Datta considered theo-sitive to the superconducting properties close to the surface
retically electrical transport of junctions involving unconven- of the sample. The effects of anisotropic pairing on the tun-
tional superconductors. In particular, they discussed contrineling density of stategthe local quasiparticle spectrum at
butions to junction properties from midgap surface statesthe surfacg the Josephson and quasiparticle current of SIS
that arise ind-wave superconductors due to sign change ofand SIN tunnel junctions were theoretically studied by taking
the order parameter. They pointed out that the effect of midaccount of surface pair breaking and quasiparticle surface
gap states is most prominent for weakly coupled junctiondound states in Refs. 2-8.

(tunneling limiy, concentrating in this respect mainly on the  Our main assertion is that the whole class of surface qua-
first-order theory in transmission coefficient. In evaluatingsiparticle states is omitted in Ref. 1 due to the disregard the
electric current across the junction the authameglected surface pair breaking there. Spatial profile of the order pa-
from the very beginning all the effects of surface pair breakrameter suppressed near the surface, can be considered as an
ing, considering order parameters on both sides of the junceffective potential well for quasiparticles. Andreev reflection
tion to be equal to their bulk values up to the junction barrierprocesses along with the conventional reflection from the
plane. In this Comment we demonstrate that the approxisurface, can result in forming quasiparticle bound stéaes
mations lead to incorrect results for unconventional super-dreev bound statgdocalized near the surface within the
conductors, since effects of surface pair breaking is of cruciatharacteristic length roughly of order of the superconducting
importance for thel-V characteristics of tunnel junctions, coherence length. Quasiparticle surface bound states with
especially due to the existence of surface quasiparticle state®mnzero energy are present for an impenetrable wall in the
with nonzero energy. Also we point out that correct theory ofcase of surface pair breaking and not for a uniform spatial
current-voltage characteristics of tunnel junctions involvingprofile of the order parameter. Only midgap surface states,
anisotropically paired superconductors was developed earlidraving supersymmetric origin, still exist for that uniform
in Ref. 2. model profile. Thus, for the order parameter, which is inde-

In contrast tos-wave isotropic superconductord;wave  pendent of the spatial coordinate up to the surface or inter-
superconductors are known to be quite sensitive to any inhdace, one can find in the tunneling limit only peak at zero
mogeneities(impurities, surfaces, interfagedn particular,  energy in the local density of states, while all nonzero peaks
the order parameter turns out to be substantially suppresseaking place in the presence of surface pair breaking turn out
on the tunnel barrier plane for many of crystal to surfaceto disappear in the model.
orientations. Several important experimental methods used Bound states with nonzero energy result in the anomalies
for studying the anisotropic structure of the order parameterf current-voltage characteristics in the presence of exter-
for example, tunneling measurements are, in turn, fairly sennally applied voltage, described in Refs. 2 and 7 and entirely
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omitted in Ref. 1. Positions and characteristics of thoseone. The most significant deviation takes place for the mis-
anomalies turn out to be associated with positions and typesrientation angled=45°, when the order parameter is com-
of extremal points of momentum dependeiidispersion of pletely suppressed near the boundary. For this particular ori-
bound state energies. We note that even in the absence of a@itation disregarding the surface pair breaking results in the
surface pair breaking there are some additional peaks arfverestimation of the midgap contribution to the Josephson
jumps of the conductance of the SIS junction, involving an-critical current by more than three timesee also Ref. 18
isotropically paired superconductors. Positions of the specifi@nd Fig. 2 in Ref. 18 This leads, in particular, to the failure
features of the conductance are determined by the extrem@f ~the ~simple orientation dependencd ((midgap)

points of the sum of order parameters on both sides of th& SiN(201)sin(26,), obtained in Refs. 17 and 1 on the basis of
junction (and for the difference as well, although not for a uniform model for the order parameter and some additional

approximations. One can show, however, that signs of

sufficiently low temperaturgstaken for incoming and trans- | (midgap) and sin(&)sin(26,) coincide for the particular

mitted quasiparticle momentaThese specific features are '\ . L
omitted in Ref. 1 as well pairing potential considered.
Midgap states are dispersionless bound states. Their con- We should mention as well a substantial drawback of the

tributions to junction characteristics can differ from the onesmOdeI’ associated with the particular form of the order pa-

: . o rameter in Eq.(25 in Ref. 1 which was used there in the
with nonzero energy. The effect of finite transmission of the : . ,

. L : ...numerical calculations. This form does not correspond to a
barrier plane beyond the tunneling limit may result in a shlftd -wave superconductor and could onlv arise from mix-
of the interface bound states on account of both the phase?‘zfizlzd A ar?dd -wave order aramete):s in the bulk of
difference of the order parameters and the surface pair breal 9 x2-y? Xy b

ing. In particular, a shift of midgap states to nonzero enerd superconductor. This form requires for the self-consistency

gies, in general, takes place on account of a finite transmisﬁgg'rggt_'ggriﬁ;ﬁnsuggtvgﬁaezoéz getzgtrr-ge:)%r;tl)?;tﬁgg vr\]/ﬁigh
sion. These ‘former midgap states™ take place for theIeads to ac?ifferenci uar;i article s ectrumgas com ar;ed to a
uniform model as well. quasip P p

Neglecting the surface pair breaking is the common fea:ught—bmdmg form used in Ref. 1. This leads, in general, to

ture of many articles, which consider surfaGeterface ?;ﬁtglci'x:léft':g::gtf E::fslts"l -;2'3 5effect was studied in de-
bound states ird-wave superconductors both in studying y ' :

current-voltage characteristics'* and the dc Josephson _ . Even a correct consideration of the problem in question
effect’>=17 It is worth noting that the effect of surface pair within such a simplified model like a model for a supercon-

breaking can be of importance not only for studying theqUCtor with a cyIindring F_ermi surface, encounters a gues-
current-voltage characteristics but in considering the Josepﬁ'—on on possible modifications of the results due to realistic,
son critical current as well. Since the Iow-temperaturepropably’ complicated fo”‘.‘s of the Fermi surfaces of the
anomaly of the Josephson critical current is associated wit articular compou_nds considered. (_)ne can expect the actual
the effect of midgap statésthe influence of surface pair orms of the Fermi surfaces to modify s_u_bstannally both the
breaking on the characteristics of midgap states should pRAIMNNY states and the parucular condmons leading to the
discussed in this context. The occurrence of the zero-energy e o ANCe of the surface quasiparticle bound states. Inter-
peak in the tunneling density of states is unaffected by th stingly, if one assumes the presence of the surface bound

self-consistency of the order parameter. However, neglectin L?treesr;\,t-:/hoeltna tzecﬁ;?:éfg:is(::c:E?C;S\rqﬁg::lpunnet:lti]:)er?sui:]ees %fri;he
the surface pair breaking can result in substantial overesti: 9 J y 9

. . out can be solveteven analytically under quite general
mating the weight of the peak and, as a consequence, thaect:nditions. It turns out that the answer does not depend on

Josephson critical current, Moreover, since surface pai he particular forms of the Fermi surfaces, but is governed
breaking is sensitive to the crystal to surface orientation, disfnosFt)l by their dimensionalities and the t es ofgthe ox-
regarding its effect results in qualitative changes in depen: y by yp

dences of the peak height ad upon the misorientation tremal points of the dispersion dependences of the surface

7
angles of superconductors from both sides of the junctiont.:’Ound states.
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